We analyze how interest rates affect cross-border portfolio investments. Data on U.S. bond holdings by foreign investors from 31 countries for the period 2003 -2016 and a large variety in movements in interest rates in these countries provide for a unique way to analyze shifts in investment behavior in response to interest rates.
Introduction
Using data on foreign private investment in U.S. bonds from 31 countries for the period 2003-2016, the paper studies how portfolio investment is affected by investors' home country macroeconomic and financial conditions. In particular, we explore how home investment opportunities, proxied by the home country sovereign yield, affect bond investment into the United States in general, as well as the composition of this investment in terms of riskier (corporate bonds) and safer (Treasuries) securities. We find that, in response to a lower interest rate at home, foreign investors increase their aggregate bond investment in the United States, and they also increase risk-taking in their U.S. portfolios through an increased weight on corporate bonds, consistent with search-for-yield.
Our work relates to two strands of the literature: that on the push and pull drivers of capital flows; and that on the role of country characteristics in international portfolio allocation and the related, but more recent work on portfolio risk-taking in a low interest rate environment. In this paper we expand on these literatures in several ways. First, we use data on foreign countries' holdings of U.S. bonds that distinguish between private and official investors' portfolios. This allows us to focus on portfolio shifts by private investors in response to domestic macroeconomic and financial conditions. The distinction is useful because the motivations of official investors (e.g., central bank reserve managers) for holding U.S. securities likely differ from those of private investors. Second, our empirical identification is strengthened because we are able to combine long time series of portfolio holdings with a cross-section of several dozen investor countries that exhibit significant heterogeneity in the dynamics of their home interest rates and other financial and macroeconomic conditions. Thus, these data allow us to study how investor-country conditions interact with their investment choices. Related, we contribute to the limited empirical work on the effects of interest rates on the composition of investors' debt securities portfolios (Domanski, Shin, and Sushko (2017) , Choi and Kronlund (2017) , di Maggio and Kacperczyk (2017) , Ammer et al. (2018) ).
1 The paper complements Ammer et al. (2018), who using security-level data, find evidence of search-for-yield behavior within foreign investors' portfolio of U.S. corporate bonds in that when investing in U.S. corporate bonds, investors facing declining home investment opportunities prefer higher yielding (but riskier) securities. Here, we show that both aggregate flows and the allocation between corporate bonds and safer Treasuries are also affected by home country interest rates. We explore these advantages in the data by comparing the drivers of investment in the two largest classes of U.S. debt securities: corporate and Treasury bonds. This allows us 1 to investigate both flight-for-safety and search-for-yield. The data on portfolio investment in U.S. bonds is derived from the detailed data underlying the Treasury International Capital (TIC) annual surveys. While much of our focus is on home country investment opportunities, proxied mainly by the home country sovereign yield, we also analyze the role of other country macroeconomic and financial conditions. We also control for certain "gravity" type characteristics for investment, such as countries' trade and financial links with the United States.
We find that the lower the interest rate in the investor's home country, the more investors increase their investments in the United States as a ratio to their home GDP, with the effects generally coming through investment in U.S. corporate sector bonds, rather than in Treasury bonds. These regression results are consistent with international capital flows responding to relative investment opportunities, as well as shifts in portfolio composition reflecting search-for-yield motives. Importantly, regression results using hedged and unhedged sovereign rates show that the incentives to invest in both the more risky U.S. corporate bonds and in Treasuries depend on the (nominal) home, not on the equivalent hedged dollar interest rate. This finding suggests that investors' incentives lead them to place more weight on the unhedged local rate as a measure against which to compare the gross return on a U.S. dollar debt investment. Put differently, investors do not appear to take hedging costs into account. Rather, they appear to compare nominal promised rates of return among investment choices. The effects are economically important. We estimate that when a country's home interest rate is 100 basis-points lower, its investment in U.S. corporate bonds rises by 3.6 to 5.3 percent of GDP. The effects for investment in Treasuries are much smaller and only evident in the post-crises period: an equivalent drop in the home interest rate is associated with a rise in investment of 0.2 percent of GDP.
Analyzing further the portfolio allocation within a country's U.S. bond portfolio, specifically the share of corporate bonds, we find further evidence suggestive of search-foryield in terms of foreign investors taking on relatively more credit risk. More specifically, a lower home interest rate generally increases portfolio weights for corporate bonds within countries' portfolio of U.S. bonds, although we find less evidence of this during periods of financial crises, when investors shift more toward Treasuries. The results are robust to different choices for the domestic interest rate with which we proxy home investment opportunities as well as to country sample choices. Results are also robust to other controls related to the dollar exchange rate and home investment opportunities.
Overall, our findings suggest that foreign investors' U.S. bond portfolios gravitate toward corporate securities, as opposed to the safe Treasury bonds, when their home interest rates reach low levels. Although, apart from investment in U.S. assets, we do not know how private investors in these countries allocate their overseas investments, our finding that a lower interest rate at home increases U.S. portfolio debt investment disproportionately in corporate bonds, suggests that countries' external investments may rebalance toward riskier assets when their domestic interest rates are low.
The paper proceeds as follows. In section 2, we review the related literature. In section 3, we provide an overview of the securities holdings dataset and other data sources we use. Section 4 presents some stylized facts and summary statistics. In section 5 we outline our empirical methodology and in section 6 we present the empirical results on how countries' U.S. bond portfolios vary in response to changes in home interest rates and other country conditions and characteristics. Section 7 includes robustness tests. Section 8 concludes and discusses possible policy implications.
Related Literature
Our work adds to two main strands in the literature on capital flows. The first is the literature on push and pull factors, which has explored the role of source and destination country conditions for capital flows (among others Forbes and Warnock (2012 ), Fratzscher (2012 ), and Broner et al. (2013 ). Among the push factors, an important one has been (low) interest rates, especially their effect on capital inflows to emerging markets, and more recently the effects of the use of unconventional monetary policy by several advanced countries.
2 Other papers have analyzed how banks globally reallocate loans in response to changes in interest rates (e.g., Aramonte, Lee, and Stebunovs, 2015; Morais, Peydro, and Ruiz (2017) ). Much of this literature, however, has largely relied on aggregate balance-ofpayments data to assess international portfolio composition and capital flows.
3 Research using more granular data on investment choices typically has been limited to a narrower set of investors for which data are available. And rarely have studies covered a broad cross-section of investor countries. In addition, our paper is related to the growing literature on search-for-yield. A number of papers have pointed out that there could be a search-for-yield effect for institutions with long-term liabilities and shorter-term assets, such as life insurance companies and pension funds.
4 Incentives to reach for yield among asset managers could be greater at low levels of the interest rate (Rajan (2010) and Stein (2013)).
2 See, e.g., Chari, Dilts Stedman, and Lundblad (2017); Fratzscher, Lo Duca, and Straub (2016, 2017) ; Ahmed and Zlate (2014); and Bowman, Londono, and Sapriza (2015) .
3 See also Cerutti et al. (2018) and Rey (2013) . Using loan level data, Baskaya et al. (2018) link improving external financial conditions to capital inflows, increased local bank credit, and lower loan rates.
4 Rajan (2005) , Dell 'Ariccia and Marquez (2013), Domanski, Shin, and Sushko (2017) .
3
The empirical literature on the effect of low interest rates on investors' portfolio holdings is scarce (Choi and Kronlund (2015) focus on corporate bond mutual funds, di Maggio and Kacperczyk (2017) on U.S. money market funds, Domanski, Shin and Sushko (2017) on German insurance companies; Ammer et al. (2018) on private investors' holdings of U.S. corporate bonds).
5 Our paper is also related to Ammer et al. (2018) which focuses on the risk distribution specifically of the portfolio of U.S. corporate bonds held by foreign investors to study reach-for-yield behavior within this asset class. The authors use security level TIC data for U.S. corporate bond holdings by foreign investors, which are the underlying data for the countries' aggregate holdings of U.S. corporate bonds that we use in the current paper. They find that declines in safe interest rates push international investors toward lower-rated and longer-dated securities within their portfolios of U.S. corporate bonds to increase yield, which is consistent with a search-foryield behavior. The paper also relates to the literature on the international (bilateral) allocation of securities, using aggregate data, typically the IMF Coordinated Portfolio Investment Survey (CPIS) but more recently also the newly available data on euro-area security-level holdings (Portes and Rey (2005) , Boermans and Vermeulen (2016) ). But these papers do not investigate the role of time-varying country conditions, including (low) interest rates.
Data
We use the annual U.S. Treasury International Capital (TIC) surveys of foreign holdings of U.S. securities for the period 2003 -2016 reported at the security level for each country holder of that security as of end-June of each year, and for the analysis in this paper we aggregate the holdings to the country and bond type level.
6 This means that for each year in the period 2003 -2016 we observe the total holdings per country of each bond type. We focus on the two main classes of U.S. bonds: Treasuries and corporate bonds. Importantly for our analysis, the detailed nature of the data allow us to distinguish between private and official investors' holdings of U.S. For the TIC surveys the main reporters are U.S.-resident custodians which must report all U.S. securities they hold on behalf of foreign residents and reporting is mandatory. Due to the mandatory reporting of holdings by custodians, the data are comprehensive, capturing countries' entire portfolios of U.S. securities at the country level. Country-level holdings data are published on the Treasury Department's website, although without the split between holdings by private investors and holdings by official institutions. Because the TIC data are reported on a resident basis rather than on the basis of the ultimate owner, this creates some data challenges because intermediaries in major custodian countries and financial centers hold securities on behalf of investors from other countries.
8
Another key component of the data we deploy is investors' home interest rates. We use data on foreign countries' local currency sovereign yields at 1-year and 5-year maturities. The underlying data are from Bloomberg, and the annual rates are calculated as average yields for the month of June of each year so the data are aligned with the holdings data that are reported as of end-June of each year. Since the sovereign interest rate is our key variable for evaluating country-level incentives for risk-taking, the sample excludes bonds held by investors in Caribbean and other financial centers for which we do not observe sovereign interest rates. In robustness checks we also include the U.S. dollar equivalent of the home sovereign rate, which we construct using Bloomberg data on 12-month forward premiums for the U.S. dollar against the investor countries' home currencies and calculate the synthetic dollar yields foreign investors would obtain if they hedged their home-currency 1-year sovereign bonds into the U.S. dollar.
For the other investor-country characteristics we draw on a variety of data sources. We use data from the IMF's Direction of Trade Statistics (DOTS) for imports and exports between the investor country and the United States based on the notion that the intensity of trade is a good proxy for economic and other ties as well as the degree of information asymmetry between the investor country and the United States (Portes and Rey, 2005; Aviat and Coeurdacier, 2007; Okawa and Van Wincoop, 2012) . To take into account countries' financial linkages to the United States we include in our specifications the share 7 Estimates of monthly positions can be constructed (see Bertaut and Judson, 2014) , and have been used recently by Chari et al. (2017) to study the effect of U.S. monetary policy on emerging market asset returns and capital inflows. We use the annual data to study adjustments to (low) interest rates over longer periods, and because the annual survey data are more precise.
8 See Bertaut, Griever, Tryon (2006) for more details about the TIC data and data collection process.
of U.S. dollar bank claims and liabilities for each foreign country relative to total bank claims and liabilities, drawing on a different component of the TIC data. Countries' exchange rates versus the U.S. dollar may influence their cross-border investments, in part through carry-trade related motivations and deviations from (un-)covered interest rate parity. To address this, we collect exchange rate data from the IMF's International Financial Statistics and include in the regressions the volatility as well as the change in the real bilateral exchange rate. In our specifications we also control for countries' riskiness using their sovereign CDS spread.
9 We use the expected earnings growth of countries' corporate sector as a proxy for the attractiveness of domestic investment opportunities; the data are from IBES. Finally, we obtain GDP data from the World Bank WDI database; in some of the specifications we use home-country GDP to scale foreign countries' bond investments in the United States.
Stylized facts

Sovereign yields
Our analysis relies on the variation in sovereign yields over time and across countries. Figure 1 captures the range of home country rates in our data panel, showing the median, maximum and minimum for each country. For example, rates in Japan have been low for most of the 2003 -2016 period, while rates in many European countries have varied considerably, falling only more recently to low levels in most cases. Rates have not been as low in the majority of emerging markets. In addition, Figure 2 shows the evolution of cross-sectional quartiles of sovereign rates over the sample period. Importantly, not only is there significant variation in sovereign yields over time, but the interquartile range remains substantial throughout, even as the median approached zero toward the end of the period. This heterogeneity in the panel helps us considerably for identifying the effects of low rates on risk-taking. 10 After a sharp increase in the years leading up to the GFC, foreign holdings of U.S.
corporate debt declined during the GFC and the subsequent euro sovereign debt crisis, reflecting the "flight home" and search-for-safety during that period that is documented in the literature. 11 However, as interest rates in many foreign countries declined after 2012, inflows into corporate bonds rebounded, leading to a sharp increase in holdings especially towards the end of the sample period suggesting that investors from these countries were compensating for declining returns on safe assets at home by purchasing U.S. corporate debt. In terms of the U.S. safe asset, holdings of Treasuries were stable pre-GFC, but declined during the GFC, which is consistent with the "flight home" documented in the literature. After the GFC, foreign flows into Treasuries resumed. While during the European debt crisis the pick-up of foreign flows into Treasuries combined with a decline in flows into corporate bonds is consistent with a general sense of risk-aversion in turbulent times, towards the latter part of the sample period when interest rate in many advanced countries have been low for some time, the increase in corporate bond holdings surpasses that of Treasury holdings. Figure 4 shows the composition of the foreign portfolio of U.S. bonds. The corporate share increased approximately 10 percentage points over the period and stood at roughly 60 percent for the last two years of the sample period. 
U.S. bonds in foreign portfolios
Because of the data availability, the paper focuses on just one part of foreign countries' portfolios: their holdings of U.S. bonds. Using data from the IMF's Coordinated Portfolio Investment Survey (CPIS), columns (1)- (2) in Table 1 give an overview of how important U.S. bonds are in foreign countries' aggregate bond portfolios. 13 U.S. bonds constitute a significant share of countries' holdings of foreign bonds: as of end-2015, on average for the sample, that share is just under 30 percent. Because of home bias that is well-documented in the international finance literature, this share is much smaller in the countries' overall portfolios that include domestic bond holdings: bond investment into the United States constitutes just under 7 percent of total bond portfolios on average for the sample. Also in terms of individual countries, Table 1 shows that for many countries, investment in the United States is a large part of their overall portfolios, and in particular of their international investments. For example, for Mexico and Canada, the CPIS data show that the shares of overseas investment allocated to the United States are some 94 percent and 68 percent, respectively. As such, foreign investment in the United States constitutes a relatively large share of these countries' international investments and could thus be representative of their international behavior.
[Insert Table 1 Here] While the United States can be a large part of overseas investment for many countries, from the perspective of the United States, the fraction of U.S. bonds held by foreign investors tends to be small. The average country from our sample holds just 0.7 percent of the outstanding U.S. bonds.
14 15 The last column in Table 1 shows countries' holdings of U.S. bonds as a share of their GDP. Major custodians and financial centers have oversized holdings relative to their GDP. As discussed in detail in the next section, for these countries, instead of their national sovereign yield we use a composite European sovereign yield in the regressions. In addition, in some specifications, we exclude these countries from the sample.
Methodology
We consider first the determinants of a country's total private investment in U.S. corporate and Treasury bonds. We use the face values of holdings reported in the TIC surveys, thus abstracting from the effect of price changes, in order to isolate the effect of active new investments and portfolio shifts. To allow for differences in investor-country size, we scale countries' holdings by their GDP. In country-year panel regressions separately for U.S. corporate bonds and for Treasuries we regress these scaled holdings on countries' home interest rates and a number of other variables that reflect their financial and macroeconomic conditions, including sovereign CDS spreads, exchange rate changes, 14 The CPIS data are not always directly comparable to the TIC data since major custodians for U.S. securities serve as the most important sources for the data, while in the CPIS, holdings are measured from the investors' perspective and therefore are less subject to custodial biases, although they could in some cases suffer from other measurement idiosyncrasies.
15 The columns using TIC data are based on publicly available TIC data that do not distinguish private from official holdings of U.S. securities. expected earnings growth of these countries' domestic corporate sector. We also include in the specifications countries' ties to the United States as an investment destination: their share in U.S. trade as well as a measure of banking sector ties that is a proxy for the financial link between the investor country and the United States. In all regressions we include country fixed effects, which allows us to focus on time-varying country developments. We also include time fixed effects, which means changes in the overall U.S. and global economic and financial environment, including changes in the U.S. safe interest rate, are already accounted for.
Following the general approach in Ammer et al. (2018), we use local currency sovereign bond rates to represent investment opportunities in investors' home markets. Low rates can drive residents to invest more abroad, including in risky securities. Our sample excludes financial centers such as the Caribbean banking centers for two reasons. First, these countries do not have significant sovereign debt outstanding and therefore lack reliable data on sovereign rates, which is one of our main variables. Second, their investments are predominantly held on behalf of non-residents, for whom the interest rate to use is ambiguous, given our focus on the effect of home investment opportunities on private investors' behavior. In our main specifications that include all country variables specified above, Luxembourg, which is an important financial center, drops out as it lacks data for all variables. That said, our baseline regressions do include the bond holdings of Belgium and Ireland, two European financial centers that largely cater to investors from other European countries. In terms of investors' home interest rate for these countries, a composite European yield is likely to be a better choice than the national sovereign yield.
16
Accordingly, using the approach in Ammer et al. (2018) , instead of using their own sovereign rate, we assign these countries the average sovereign rates of four larger euro zone countries: Netherlands, France, Italy, and Spain. One could also use the German rate in the calculation of an average European rate, but one concern with this approach is that it might reflect Germany's safe haven status, rather than investment opportunities in Germany.
17
The empirical specification of the model we estimate is then:
16 While entities resident in other countries in our sample may also hold some bonds on behalf of ultimate investors in different countries, Luxembourg, Belgium, and Ireland stand out for having TIC holdings in excess of home country data on their investors' U.S. investments. In addition, Table 1 shows that TIC holdings as a percentage of investor-country GDP are by far the highest in these three countries, suggesting that mismeasurement of investor nationality is much less of an issue elsewhere.
17 Alternatively, and as a robustness check, we kept the European financial centers' observations, but treated the entire euro zone as one country, instead of individual euro zone countries' bilateral holdings. This approach might be fine for corporate bonds, but is likely less appropriate for U.S. Treasuries since, as discussed in the text, custodian countries, such as Belgium and other financial centers, could disproportionately influence the reported country holdings of U.S. Treasuries, especially the breakdown of private and official investors' holdings. Nonetheless, using this approach does not qualitatively change our results.
(1) where the dependent variable, H j,t /GDP j,t , is the share of U.S. bonds held by residents of country j in year t in country j 's GDP. We explore separately the holdings (H) of U.S. corporate bonds and the holdings of Treasuries. SOV5y j,t is country j 's sovereign yield measured as the year-end 5-year sovereign yield. X j,t are time varying home country controls that may affect investment:
• the share in total trade (exports plus imports) with the United States (Trade share),
• an analogous measure of bank exposure links to the United States (Bank link),
• the home country 5-year sovereign CDS premium (Sov CDS), to control for riskrelated fluctuations in home interest rates,
• the standard deviation of the bilateral (versus U.S. dollar) exchange rate (StDev FX),
• the change in the bilateral exchange rate (Delta FX),
• expected corporate earnings growth (ExpEarnGr), to control for domestic investment opportunities.
In a robustness check, we also controlled for domestic financial risks using the average CDS premium of investor countries' banks. Since the results are similar while the sample size declines quite a bit due to the availability of data on CDS premiums for the banking sector, the results we present in the paper do not include the bank CDS premiums as a control variable. In another robustness check we also included the lagged dependent variable as a control variable to account for autocorrelation. In most specifications the coefficient on the lagged dependent variable is as expected positive and significant, but its inclusion does not alter our main results. Because we include country fixed effects, we do not capture cross-country relations arising from other, time-invariant variables such as distance to and common language with the United States that are commonly used in the literature as proxies for transaction costs and familiarity with the foreign market.
To isolate the effect of the GFC and the European debt crisis we include an interaction term of the sovereign yield with a dummy variable for the period 2008 -2012. In addition, in specifications that aim to compare the effects in the pre-and post-crises periods, we exclude the crises period of 2008 -2012 and include an interaction of the sovereign yield with a dummy for the post-crises period of 2013 -2016. All regressions include country and time fixed effects, denoted by c j and v t , respectively. We estimate the model parameters by Weighted Least Squares, using for weights countries' holdings of U.S. corporate and Treasury bonds. Figures 1 and 2 show details on the country sovereign rates. Table 2 presents summary statistics for the variables used in the regressions.
[Insert Table 2 Here] Our second set of empirical exercises examines the determinants of the portfolio allocations that foreign investors choose within their U.S. bond holdings. In particular, the unit of analysis here is a particular country's holdings of U.S. corporate bonds as a share of its total U.S. bond holdings on a given survey date. The setup is similar to the one above: we again include the home country sovereign yield and its interaction term with the dummy for the 2008 -2012 crises period; as well as an interaction with a post-crises dummy variable excluding the crises period altogether in order to compare the period effects. We also include the same country determinants and fixed effects. Since all regressions include time dummies, they absorb all common factors, including changes in financial conditions in the United States. The empirical specification of the model we estimate is then:
Where H 
Empirical Results
Determinants of International Investment in U.S. Bonds
We begin by investigating foreign private investment in U.S. corporate and Treasury bonds following specification shown in equation (1). The first four columns of Table 3 show the results for U.S. corporate bonds. In column (1) we report the results from the panel regression of country-level holdings of U.S. corporate bonds (scaled by home GDP) for the entire period 2003 -2016 on the home country 5-year sovereign bond yield and its interaction with a 2008 -2012 period dummy. The regression includes country and time fixed effects, along with the other country-specific control variables as discussed above. We find a statistically significant negative sign for the coefficient on the sovereign yield, consistent with a "push factor" that would induce flows in the context of a portfolio balance framework. More specifically, the -0.036 coefficient means that when a country's home interest rate is 100 basis-points lower, its investment in U.S. corporate bonds rises by 3.6 percent of its GDP. We do not find evidence that this relationship is different during the crises period as the coefficient on the interaction of the investor-country sovereign yield with the crises dummy is not statistically significant.
[Insert Table 3 Here] In column (2), we consider whether the home sovereign yield effects differ in the postcrises period compared to the pre-crises period. To do this, we exclude the crises years from the sample completely, but retain a period-interaction. We find that the main result is maintained, and with a larger coefficient than in column (1). However, we do not find that in the post-crises period, when interest rate were generally low in most advanced countries, the relation is much different, as this interaction variable is not statistically significant.
The sample in columns (1) and (2) already excludes the Caribbean banking centers and Luxembourg as they lack sovereign yield and other country-level data, but in columns (3) and (4) we further exclude Belgium and Ireland from the sample. As shown in the last column of Table 1 , these countries have oversized holdings of U.S. bonds relative to their GDP. Columns (3) and (4) show that when we exclude financial centers and major custodians the main regression result on the relationship between investors' home interest rates and their investment in U.S. corporate bonds is maintained, but the coefficient does decline considerably, suggesting that investment from the excluded countries is especially sensitive to the composite European interest rate we assigned them. In Appendix Table  A1 we show that these results are unchanged if we include holdings of corporate asset backed securities (ABS) in the sample of corporate bonds.
Important custodian countries such as Belgium and financial centers could have even stronger influence on reported country holdings of U.S. Treasuries, especially when it comes to the breakdown of private and official investors' holdings. As pointed out in Treasury Department reports regarding the TIC survey data, some foreign official holdings likely are misclassified as private holdings because they are held through private intermediaries, and therefore data on private holdings in major custodians may reflect some holdings of foreign official institutions, which are usually disproportionately allocated to Treasuries.
18 Since in this paper we focus on private investors' behavior, for foreign holdings of Treasury bonds in the last two columns of Table 3 we present the results just for the sample excluding the financial centers. We use the same two period samples as before, the full sample and the sample excluding the crises period that com-pares the pre-and post-crises effects of the home sovereign rates. We find a positive and statistically significant effect for the crises period (column (5)), indicating a decline in Treasury holdings for foreign investors with declining home interest rates. This is consistent with a "flight-home" investor behavior during crises. The insignificant effect of the sovereign yield for the normal times period in column (5) stems from the offsetting effects present pre-and post-crises, shown in column (6). The strong negative coefficient on the post-crises interaction of the sovereign yield indicates that post-crises, when rates were low in a lot of advanced economies, foreign investment in Treasury bonds rose, likely suggesting that investors seeking safe assets were drawn to the relatively higher yielding U.S. Treasuries, compared to home sovereign bonds. We, therefore, view this result as another indication of search-for-yield behavior.
Turning to the other country-specific variables, the positive sign of the bank link coefficient in column (2) suggests that stronger bank lending ties between the investor country and the United States are associated with increased investment in U.S. corporate bonds, but we do not find this effect once we exclude financial centers from the sample. The coefficient on the countries' share in U.S. trade is not statistically significant for corporate bond investment, and the negative sign for Treasury bond investment indicates, somewhat counterintuitively, that an increase in a country's trade volume with the United States is associated with less investment. However, if we define the trade variable as country i's trade with the United States relative to country i's GDP rather than as a share in total U.S. trade, the coefficient on this variable is statistically insignificant but positive for both the corporate and Treasury investment specifications. Less surprising, however, is that higher expected earnings growth at home (ExpEarnGr), which we take as a proxy for risky domestic investment opportunities, also reduces investment in U.S. Treasuries as investors seek higher yielding opportunities. This results could be interpreted as another manifestation of yield searching behavior. Generally, the other country variables do not appear to significantly affect holdings of U.S. bonds. One reason could be that there is no sufficient time variation and the country fixed effects we include in these regressions fully capture the cross-country variation.
Determinants of Composition of International Investment in U.S. Bonds
We next follow specification 2 to study the composition of private investors' portfolio of U.S. bonds, which implicitly controls for the general incentives to invest in U.S. bonds. The idea is to explore how the share of the riskier, and therefore higher yielding, U.S. assets (U.S. corporate bonds) relative to the safe U.S. asset (U.S. Treasury) is affected by investors' home country interest rates. As outlined in the methodology section above, our variable of analysis here is holdings of U.S. corporate bonds as a share of a country's total holdings of U.S. corporate and Treasury bonds on a given survey date.
19 Table 4 reports the results. In column (1) we include all countries in the sample; in (2)-(3) we exclude the financial centers. The negative coefficient on the home interest rate in columns (1)- (2) is consistent with international bond investors relatively shifting their U.S. portfolios toward the riskier corporate bonds when domestic investment opportunities are lackluster. The effects are statistically stronger for the sample excluding financial centers. Effects are somewhat muted during the crises period, as the coefficient on the interaction of the interest rate with the crises dummy is statistically significant positive. As such, the effects may be smaller and not even present in crises period.
[Insert Table 4 Here] In column (3), we find that post-crises the effects do not differ in a statistically significant way from those for the pre-crises period. Mirroring the positive sign on the expected earnings growth for Treasury holdings in Table 3 , the expected earnings growth effect is negative in Table 4 , consistent with Treasuries being a defensive investment when prospects for riskier investments are weaker.
The estimated effects imply that international bond investors increasingly shift their U.S. bond portfolios toward corporate securities as home rates reach low levels, with economically meaningful effects: a 100 basis points decline in the home interest rate entails an estimated shift toward corporates of about 2.3 -2.7 percentage points. Table 5 shows that the baseline results on the effect of countries' sovereign rates on their holdings of U.S. corporate and Treasury bonds are similar when the regressions exclude the country controls. The specifications are the same as in the baseline Table 3 , i.e. using investment in U.S. corporate and Treasury bonds as ratio to the home country GDP as the dependent variable, but the sample is much larger than in Table 3 as some countries lack data for all controls. The larger coefficient on the sovereign yield variable in Table  5 is driven by the inclusion of Luxembourg in the sample.
Robustness
Sample restrictions and choice of interest rate
[Insert Table 5 Here] In Table 6 we report robustness checks to further restrictions to the country sample and to using a different maturity for the home country interest rate. The sample in Table  6 excludes the financial centers, and it therefore corresponds to the results in columns (3)-(6) of baseline Table 3 . As a first robustness test, in columns (1)-(2) for U.S. corporate bonds and (4)-(5) for Treasuries, we exclude observations where countries' sovereign CDS spread is in the top 5th percentile over the sample period. 20 We find that that main regression results are confirmed and the size of the coefficients is very similar to the ones reported in baseline Table 3 . As another robustness check, to explore the sensitivity to the specific interest rate used, columns (3) and (6) of Table 6 report estimates of total private investment in U.S. corporate and Treasury bonds, respectively, with regard to the 1-year home sovereign rate, instead of the 5-year rate we use in the baseline. The main results carry through, with slightly smaller estimated effects on investment from a lower home interest rate.
21
[Insert Table 6 Here] Table 7 presents the same robustness checks but now for the Table 4 baseline results on the effects of home country drivers of the corporate share. The sample excludes the financial centers so it is comparable to the one used in columns (2)- (3) of Table 4 . In columns (1)- (2) we exclude high sovereign CDS countries, while in column (3) we use the shorter 1-year maturity home sovereign yield. The main story is preserved. As we saw with total investment as a percent of GDP, the coefficient on the 1-year sovereign yield is smaller than on the 5-year yield.
[Insert Table 7 Here]
Hedged and Unhedged Investment in U.S. Bonds
So far, we have used countries' local currency sovereign yields. Now, we examine if and to what extent the country's private investment in U.S. corporate and Treasury bonds also responds to the U.S. dollar equivalent of the home sovereign rate (Y$), and how the effects differ compared to the home sovereign yield measured in local currency (YHC). We test for this by calculating home country yields in U.S. dollar terms. For this, we collect 12-month forward premiums (FP) for the U.S. dollar against the home currencies of each of the investor countries in our sample. We calculate the synthetic dollar yields foreign investors would obtain if each of them hedged their home-currency 1-year sovereign bonds into the common currency, the U.S. dollar (Y $ ≡ Y HC − F P ). This allows us to test for the role of the synthetic dollar yields (Y$) on foreign investments, while at the same also being able to include both the home-currency yield (YHC) and the synthetic dollar yield (Y$) as two distinct competing factors affecting international investment choices. As before, in this set of results we control for the standard set of linkages and country economic and financial conditions. Table 8 presents the results for the sub-sample excluding the financial centers. Since here we use the 1-year synthetic dollar rate, these results have to be compared to the results in Table 6 where as a robustness check we use countries' 1-year local currency sovereign rates instead of their 5-year rates. In column (1) of Table 8 we include only the synthetic dollar yield (Sov1y synth. USD), i.e. the hedged sovereign rate, along with our set of controls, and find that it does not appear to affect investment in U.S. corporate bonds in a statistically significant way. This is in contrast to the findings so far that the local currency sovereign yield negatively and in a statistically significant way affects investment in U.S. corporate bonds. However, we get more insights when we include both the hedged and the unhedged rate. In column (2) we report the results including both the hedged and unhedged rate in a specification that excludes the crises period. The hedged rate (Sov1y synth. USD) is again statistically insignificant, and the coefficient on the unhedged rate (Sov1y) is similar to the one reported in Table 6 column (3) where we use the 1-year unhedged rate on its own in the same type of specification. The story is similar in the case of investment in Treasury bonds. As reported in columns (3)- (4) of Table 8 , the hedged rate does not appear to affect investment in Treasuries in a statistically significant way, while the effect of the unhedged rate is preserved. These results imply that investment is more sensitive to the unhedged rate, consistent with institutional incentives not to hedge exchange rate exposure. We also interpret these results as consistent with investors being aware of the limited predictive power of forward premiums for future exchange rates. Put differently, investors do not appear to take hedging costs into account nor expect uncovered interest rate parity to hold. Rather, they appear to compare nominal promised rates of return among investment choices.
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Conclusion
We analyze how interest rates affect international investments and cross-border risktaking by examining the extent to which investors have shifted toward riskier assets overseas in response to low interest rates at home. Data on foreign investors' holdings of 22 Focusing on unhedged interest rate differential is arguably rational for informed investors who are tolerant of exchange rate risk; the forward premium puzzle has been well known at least since the 1980s. See, for example, Fama (1984) . U.S. bonds for 31 countries for the period 2003 -2016 and a large variety in movements in interest rates in these countries provide for a unique way to analyze risk-taking behavior of investors in response to their home interest rates. Our analytical framework largely avoids concerns that the results might be driven instead by reverse causality from U.S. credit markets to foreign interest rates. For example, although an increase in the supply of U.S. bonds would likely draw in more cross-border investment, it likely would have only second-order effects on rates in other countries, and would tend to raise rates, while our finding is that increased U.S. investment is associated with lower investor-country rates. And, while these foreign investments are likely to have been affected by economic and financial conditions at home, because they are small from a U.S. perspective, they are unlikely to have affected the financing conditions of the issuers.
We find that the lower the interest rate in the investor's home country, the more investors increase their investments in the United States as a ratio to their home GDP, with the effects generally coming through investment in U.S. corporate sector bonds, rather than Treasury bonds. The results show that when a country's home interest rate is 100 basis-points lower, its investment in U.S. corporate bonds rises by 3.6 to 5.3 percent of GDP. Furthermore, in terms of portfolio composition, international bond investors increasingly shift their U.S. bond portfolios toward corporate securities as home rates reach low levels, with economically meaningful effects. Since increased foreign investment in the United States is disproportionately allocated to corporate bonds, the results imply that low rates at home induce international investors to assume more credit risk in their U.S. bond portfolios. We find further evidence that the search-for-yield is a function of the home interest rates and not of the hedged dollar equivalent rates.
Our findings have important policy implications in that they suggest that low interest rates can lead to shifts in overseas investments. Although we control for investor country characteristics, since we do not have comparable data on domestic investment portfolios as we do for holdings of U.S. bonds, we cannot say whether the investor behavior we observe is the same or differs from the domestic investment patterns. It could be that these investors invest more aggressively abroad and more conservatively at home, and as such their overall portfolio need not be more risky. Or, extrapolating from the small part of their behavior we observe, one could conjecture that foreign investors likely have made risk-increasing shifts elsewhere in their portfolios that could pose financial stability risks abroad, particularly if the low-rate environment persists. Our results are also consistent with central banks' balance sheet policies having a significant effect on demand for foreign financial assets. Regardless, our findings suggest that there are spillover effects from low interest rates through cross-border capital flows. The figure plots the 5-year sovereign yield for the countries in our sample. For each country we plot the median (dot) and the min and the max (boundaries of the box) of the sovereign yield for the period 2003-2016. Last value on x-axis refers to values of 16+ for the sovereign yield. Chart includes the countries in the baseline sample. Authors' calculations using data from Bloomberg. The figure plots the interquartile range of the 5-year sovereign yield (in%) for the countries in the baseline sample. Authors' calculations using data from Bloomberg. .7
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Corporate Bond Share (1)- (4) is country j 's holdings of U.S. corporate bonds at time t scaled by country j 's GDP. The dependent variable in columns (5)- (6) is country j 's holdings of U.S. Treasuries at time t scaled by country j 's GDP. Luxembourg drops out of the sample as it lacks data for all controls. In columns (1)- (2) we include all countries in the sample; in addition to Luxembourg, columns (3)-(6) also exclude Belgium and Ireland. The sample period in columns (1), (3), and (5) is 2003-2016; in columns (2) , (4), and (6) we exclude the crises years 2008-2012. 2008-2012 (1)- (4) is country j 's holdings of U.S. corporate bonds at time t scaled by country j 's GDP. The dependent variable in columns (5)- (6) is country j 's holdings of U.S. Treasuries at time t scaled by country j 's GDP. In addition to the baseline sample, the sample here includes the following countries: Hungary, Jamaica, Luxembourg, New Zealand, Sri Lanka, and Thailand. In columns (1)- (2) we include all countries in the sample; columns (3)-(6) also exclude Belgium, Ireland, and Luxembourg. The sample period in columns (1), (3), and (5) (1)- (2) and (4)- (5) we exclude countries whose sovereign CDS spread is in the top 5th percentile over the sample period and use countries' 5-year sovereign rate. In columns (3) and (6) (1)- (2) we exclude countries whose sovereign CDS spread is in the top 5th percentile over the sample period and use countries' 5-year sovereign rate. In column (3) countries' sovereign rates are the year-end 1-year sovereign local currency yields. Weighted regression where the weights are countries' holdings of U.S. corporate and Treasury bonds. For brevity the coefficients for fixed effects and the constant are not reported. * p < 0.10, ** p < 0.05, *** p < 0.01. Heteroscedasticity-consistent standard errors are reported in parentheses.
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